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ABSTRACT 
 
Gypsum plasterboard is a common lining material for steel wall frame systems used in 
combination with cold-formed steel studs (C or lipped C-sections).  However, the design of 
these wall frames does not utilise the full strengthening effects of plasterboard in carrying 
axial loads. Therefore an experimental study was conducted to investigate the local and 
overall buckling behaviour of the studs in these frames using a total of 40 full-scale wall 
frame tests and stub column tests. The tests included unlined, both sides lined and one-side 
lined wall frames and studs.  Test results were compared with predictions from the Australian 
standard AS 4600-1996 and the American specification AISI-1996. This paper presents the 
details of the experimental study, the results, and comparisons with design code predictions. 
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1.  INTRODUCTION 
 
Gypsum plasterboard is a common lining material used in combination with cold-formed steel 
studs (C or lipped C-sections) for both the load bearing and non-load bearing walls in the 
residential and commercial building construction in Australia, Europe and the USA. In the 
design of load bearing walls, the support provided by the plasterboard in carrying the axial 
load is not considered. This is because the plasterboard is not considered to be a structural 
material. The current Australian Standard for Cold-formed Steel Structures AS 4600 (SA, 
1996) only considers the lining material to provide lateral and rotational supports to the studs 
in the plane of the wall. However, the American Specification (AISI, 1996) includes checking 
for column buckling between wallboard fasteners, overall buckling (flexural, torsional and 
flexural-torsional) and for shear failure of the plasterboard.  Design equations for lined studs 
were derived from the work of Simaan and Pekoz (1976) based on the shear diaphragm 
model. However, Miller and Pekoz’s (1994) tests on gypsum plasterboard lined stud walls 
under axial compression showed that the results contradict the shear diaphragm model 
assumed by the American specification AISI (1986).  Contrary to the shear diaphragm model, 
the strength of plasterboard lined stud was observed to be insensitive to stud spacing. The 
deformations of the panels in tension were also observed to be localised at the fasteners and 
not distributed throughout the panel as in a shear diaphragm  (Miller and Pekoz, 1994). The 
failure loads of lined walls were much higher than those predicted by AISI (1986). All these 
imply that the behaviour of lined stud walls is not accurately modelled by the American 
Specification. Further, both design specifications ignore the possible improvement to the local 
buckling behaviour of slender plate elements of the stud. An experimental study was therefore 
carried out to address these problems using a total of 40 full scale wall frame tests and stub 
column tests. This paper presents the details of this experimental study and the results. 
Experimental results were compared with predictions based on AS 4600 (SA, 1996) and AISI 
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(1996), based on which appropriate conclusions and recommendations have been made. 
 
2.  EXPERIMENTAL INVESTIGATION 
 
2.1 Full Scale Wall Frame Tests 
 
The key parameters in these tests are plasterboard lining (thickness and type, no lining versus 
one side lining versus both sides lining), geometry of the stud section, stud thickness and 
grade, number of studs and their spacing in the frame. To investigate the effects of these 
parameters, a total of 20 full-scale wall frames consisting of three studs with studs spaced at 
600 and 300 mm were chosen (Figure 1a).  This configuration was adopted as it represents a 
typical wall frame in a building.  Miller and Pekoz (1994) have shown in their tests that the 
failure loads of each of the studs in a three-stud wall system were the same. The height of the 
frames was set at 2.4 metres to represent a typical wall in a building. Four frames were 
unlined.  Eight frames were lined on one side while the remaining eight had lining on both 
sides. For the lined frames, the more commonly used 10 mm plasterboard was used as the 
lining material. The unlined wall frames had only one stud spacing (600 mm), as the strength 
of the studs in the unlined condition is independent of the stud spacing. The studs were made 
from two unlipped C-sections. The dimensions and details of these sections are as shown in 
Figure 1b and were fabricated from two grades of steel, a mild steel grade G2 (minimum yield 
stress = 175 MPa) and a high tensile steel grade G500 (minimum yield stress = 500 MPa). 
 
Test frames were made by attaching the studs to the top and bottom tracks made of C-sections 
using a single 8-18 gauge 12 mm long wafer head screw at each joint.  The C-sections used as 
tracks were chosen to fit the stud sections chosen for this study. Plasterboard lining was fixed 
to the lined frames in the horizontal position. The horizontal butt joints in the plasterboard 
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were joined together in accordance with Plasterboard Manufacturer’s Installation Manual 
(CSR, 1990). Plasterboard lining was fixed to the studs using Type S 8-18 gauge x 30 mm 
long plasterboard screws at 220 mm centres. This is within the maximum spacing of 300 mm 
recommended by RBS (1993). The first screw was located 75mm from the edge of the tracks 
at both ends and is within a maximum distance of 100 mm recommended by RBS (1993).  
Table 1 presents the details of test frames under the three groups of unlined, one side lined 
and both sides lined walls. 
 
The test set-up for the full-scale tests is shown in Figure 2.  The test frame was placed in a 
vertical position within the support frame and adequately restrained. The bottom track of the 
frame was fixed to the steel beam support at both ends. At the top of the frames, timber blocks 
were used at each end of the frame to stop in-plane movement.  Timber restraints were also 
used to prevent the frames from moving out of plane, but allowed shortening of the studs to 
occur freely. Three hydraulic jacks were suspended off the top horizontal beam and were 
placed directly over each stud in order to apply a concentric load. They were connected to 
separate manual hydraulic pumps. A load cell attached to each jack enabled the load to be 
monitored during the tests.  Loading plates were placed on the top of the track directly under 
the jacks to enable uniform load distribution to the entire stud cross-section. Any gaps 
between the stud and the tracks were packed with steel shims to ensure direct load transfer to 
studs from the loading plate. 
 
During each test, the axial compression load on each stud was increased until failure. When 
one stud failed, loading was continued for the remaining studs until they also failed one after 
the other. In this manner, three stud failure loads were obtained for each wall frame. This 
approach was used because the aim of this study was to investigate the behaviour of the studs 
and determine their failure loads as members of the wall assembly. It was not the intention to 
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determine the failure load of the wall frame. 
 
2.2  Stub Column Tests 
 
The main objective of these tests was to investigate the possible improvement to the local 
buckling behaviour of stud sections used in lined wall frames. It was considered that local 
buckling strength of C-section studs could improve depending on the slenderness of flange 
and web elements and the spacing of screws connecting the flanges to lining. Therefore a 
series of stub column tests was conducted on unlipped C-sections by varying these parameters 
(Table 2). Since the plasterboard lining restrains only the flanges, only the unlipped C-
sections that are more susceptible to local buckling were considered in the study. The studs 
were made from seven unlipped C-sections as shown in Table 2 and were fabricated from 
1.15 mm G2 grade steel. The b/t ratio of flanges thus varied from about 12 to 75. Since the 
maximum screw spacing recommended was 300 mm (RBS, 1993), it was varied from 65 to 
260 mm in the tests. As for the full scale wall frame tests, 10 mm plasterboard and Type S 8-
18 x 30 mm long screws were used in the lined stud tests. The height of the studs was 600 
mm in all the tests in order to minimise the end effects during loading and to eliminate overall 
column buckling effects. Only a single stud was used with 400 mm wide plasterboard lining 
on both sides as shown in Figure 3. For the lined studs, the height of lining was less than 600 
mm (see Figure 3) so that the load could be applied to the stud. Prior to the single stud tests, a 
few three-stud frames as in the full scale frame tests, but with a 600 mm height, were tested to 
determine the adequacy of using single studs. A stud spacing of 300 mm was used in this 
series of three tests. For the 40 x 40 x 1.15 mm C-sections used in the three-frame tests, the 
failure loads were 18.5 kN for a screw spacing of 260 mm and 17.8 and 18.1 kN for a 220 mm 
screw spacing. These values compare well with the single stud failure load of 18.4 kN (see 
Table 2) and thus validated the use of single studs in the following tests shown in Table 2. 
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The test specimens were kept between the fixed cross heads of a Tinius Olsen testing machine 
and loaded until failure. 
 
3. FULL SCALE WALL FRAME TEST RESULTS AND DISCUSSION 
 
3.1  Unlined Frames 
 
Table 3 presents the failure loads from the tests and the predicted loads from the Australian 
Standard, AS 4600 (SA, 1996) for the four unlined frames. The predictions based on the 
American Specification (AISI, 1996) and AS 4600 (SA, 1996) are identical for the unlined 
frames. The failure loads from tests are generally higher than those predicted by the codes. 
The predicted failure loads were first computed taking the effective length factors Kx, Ky and 
Kt as 1.0, where Kx and Ky are the effective length factors for the buckling about the x and y-
axes, respectively, and Kt is the effective length factor for torsion.  But AS 4600 (SA, 1996) 
does not have any procedures to determine these factors. The AISI Specification (1996) states 
that these values can be determined using a rational method but shall not be less than the 
actual unbraced length. In these tests, timber restraints were used to prevent sway of the 
frames during the tests; therefore the effective length factor cannot be greater than unity. The 
predicted failure loads based on an effective length factor of 1.0 were found to be 
conservative as the top and bottom tracks would provide some restraints to buckling about the 
x, y and z-axes (see Table 3). Hence various effective length factors were investigated (Telue 
and Mahendran, 1997). When a value of 0.75 was used for Kx, Ky and Kt, the predicted loads 
agreed well with experimental results. This is similar to Miller and Pekoz’s (1993) 
recommendation of 0.65 based on their tests on lipped C-sections. 
 
The observed and predicted failure modes are also given in Table 3.  In the computation of 
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the failure loads the lowest load was selected based on the three possible failure modes. These 
were the flexural buckling (FB), torsional and flexural-torsional buckling failures (FTB). In 
general, the codes accurately predicted the failure mode. For the 200mm studs, the code 
predicted a flexural buckling failure however, some twisting of the studs was also observed at 
failure due to the slender web. Figure 4 shows a typical flexural buckling failure of the 
unlined studs. Miller and Pekoz (1993) considered the need to allow for loading eccentricity 
caused by local buckling. However, it was not considered here as global buckling failures 
preceded local buckling in the wall frames considered. 
 
In order to allow for any loading eccentricity that could have affected the test results, the AS 
4600 and AISI predicted loads were also calculated for a 2 mm eccentricity about both axes 
with Kx = Ky = Kt = 0.75 (Case 2 in Table 3). The range of experimental to predicted load 
ratios increased marginally to 0.84-1.20 compared with 0.76-1.10 reported in Table 3. This 
confirms the earlier recommendation of 0.75 for Kx, Ky and Kt. 
 
Young and Rasmussen (1998a,b) have conducted extensive research into the behaviour and 
design of channel columns with pinned and fixed end conditions. Their research showed that 
fixed-ended columns can be designed by assuming the load to be at the effective centroid and 
by using an effective length equal to half the column length (Kx = Ky = 0.5). They also 
recommend that a column can be assumed fully fixed provided elastic rotational restraint 
exceeds three times the stiffness of the column (EIy/L). However, the end support conditions 
of wall frame studs in practice appear to be closer to a fixed end, but are not fully fixed. 
Failure loads from full scale wall frame testing and the need to use higher K factors (Table 3) 
confirm this. Therefore the effective length factors given in Table 3 are recommended for the 
commonly used frames considered in this study, but further wall frame tests and finite 
element analyses are required to develop a more generalised procedure. 
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3.2  Frames with Plasterboard Lining on both sides 
 
All the frames with plasterboard lining on both sides except 2 studs in Frame 18, failed by 
buckling between the screw fasteners at the top of the stud with the screws pulling through 
the plasterboard. As the load approached failure, the buckling between the two fasteners at the 
top of the stud (or the top screw and the track) increased causing the load to be eccentric. As 
the load increased further, it resulted in the screw pulling through the plasterboard. Once this 
occurred, the stud alone had reduced strength at this location and a sudden failure occurred. 
Figure 5 shows a typical failure of the studs while Figure 6 shows the buckling between the 
screw fasteners. The failure of the plasterboard was observed to be localised and not 
distributed throughout. Similar behaviour was also observed by Miller and Pekoz (1994).  
 
Experimental failure loads of the studs are summarised and compared with those predicted by 
AS 4600 (SA, 1996) in Table 4.  Average experimental loads were used in the comparison as 
the differences in failure loads of studs were small for most of the frames. AS 4600 (SA, 
1996) requires that the ultimate strength of the studs under axial compression be computed 
by: (i) ignoring the lining material or (ii) considering the lateral and rotational supports in the 
plane of the wall. There are specific conditions the wall assembly must meet before the lateral 
and rotational supports are considered.  In the tests, the studs were connected to the tracks at 
both ends and therefore the rotation about the longitudinal stud axis and the horizontal 
displacements in the x and y axes at both ends were restrained. The studs, however, were free 
to rotate about x and y axes at both ends. In these tests the lining material was not fixed to the 
top and bottom tracks as required by AS 4600. The lining material was connected to the studs 
with fasteners located along the studs with the first screw located at 75 mm from each end of 
the stud. This is the normal practice adopted by the industry, provided the last fastener is 
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located within 100 mm of stud end (RBS, 1993). However, AS 4600 requires the lining 
material to be connected to both the studs and tracks. A recent finite element study has shown 
that the stud capacity is not affected by the additional connection to the tracks (Telue and 
Mahedran, 1999). Hence for the purposes of utilising the rotational and lateral supports, the 
frames in these tests can be considered to comply with the wall stud provisions of AS 4600. 
However, AS 4600 falls short in stating what level of lateral or rotational support can be used. 
Various combinations of the effective length factors were therefore investigated and the 
predicted failure loads are given in Table 4.  If the effect of lining material was ignored, the 
predicted loads would be as presented in Table 3 for the unlined frames, and thus 
conservative. 
 
In computing the predicted loads in Table 4, the effective length factors for the studs Ky (in-
plane buckling), Kx (out of plane buckling) and Kt (torsional buckling) were initially taken as 
0.75. This was based on the restraints used at the ends of the studs as discussed earlier for the 
unlined frames. They were found to be inadequate as the failure loads were underestimated. In 
the latter computations an effective length factor of 0.75 was maintained for Kx while a value 
of 0.1 was investigated for Ky and Kt. This is because the flexural buckling of the studs in the 
plane of the wall and twisting of the studs were expected to improve by lining the wall.  In 
this case, a good correlation of experimental and predicted failure loads was obtained. An 
effective length factor of 0.1 corresponds to an effective length equal to the fastener spacing 
used in the lined frames, ie. the effective length factors Ky and Kt = fastener spacing/stud 
height. These results support the observation of buckling of studs between the fasteners 
during the tests (see Figure 6).  
 
The section capacities of the studs were also compared with the experimental failure loads 
and the two results were in good agreement (see Table 4). This result implies that the studs 
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must fail by local buckling and/or yielding which was not the case during the tests, as all 
(except 2) studs failed by buckling between the top screws.  Since only one screw spacing 
was adopted in the tests, it is difficult to conclude whether the failure loads of the studs with 
lining on both sides can be predicted by the section capacity.  Recent finite element analyses 
have shown that the stud capacity increased only marginally for screw spacings less than 250 
mm, and the studs failed by buckling between the screws (Telue and Mahendran, 1999). The 
results based on assuming the appropriate effective length factors in the last paragraph agreed 
reasonably well with the actual failure loads and failure modes. It is therefore reasonable to 
conclude that the failure load predictions of AS 4600 can be improved by using the effective 
length factors Kx = 0.75, Ky = Kt = 0.1 for the type of wall frames considered in this study. 
For frames of this type, but with other plasterboard screw fastener spacings, Ky and Kt can be 
taken as the ratio of fastener spacing to unbraced stud height. 
 
In the AISI Method (1996), the studs were checked for three failure modes and the lowest 
load was taken as the predicted failure load. These were the failure between the fasteners 
(mode (a)), failure by overall column buckling (mode (b)) and the shear failure of the lining 
material (mode (c)). Failure mode (a) requires the studs to be checked for buckling between 
the screw fasteners. An effective length factor Kf of 2 is used with the fastener spacing to 
allow for a defective adjacent fastener (AISI, 1996). In failure mode (b), the total length of the 
stud is considered. In this study using AISI rules, the same effective length factors used 
earlier (Kx = 0.75, Ky = Kt = 0.1) were adopted to check failure mode (b). For failure mode 
(a), Kf =2 was used whereas for failure mode (c) plasterboard was checked to ensure that the 
allowable shear strain of 0.008 (AISI, 1996) was not exceeded. The predicted failure loads 
and modes based on the AISI method are given in Table 5. Although reasonable estimates of 
the failure loads can be achieved when the effective length factors Ky and Kt were reduced to 
0.1, the actual failure modes can only be predicted in 50% of the cases.  There was no 
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improvement in the results when the effective length factor for failure mode (a), Kf was 
reduced to one. It only resulted in an increase in the failure load for mode (a), which made 
mode (b) to govern.  The AISI method therefore requires further improvement to ensure that 
both the failure loads and modes are accurately predicted. 
 
Experimental results showed that there was little difference in the failure loads for the stud 
spacings (300 mm and 600 mm) and that the failure mode was independent of the stud 
spacing. Even though the stud spacing has been removed from the AISI specification (1996) 
the results imply that the shear diaphragm model assumed by AISI is not applicable to wall 
frames lined with gypsum plasterboard. Miller and Pekoz (1994) also made similar 
observations. Further research using tests and finite elements analyses are needed to develop 
improved behavioural models of lined wall frames. 
 
3.3  Frames with Plasterboard Lining on one side 
 
The failure of the studs in this group was by flexural-torsional buckling (mode (b)) with the 
screws pulling through the lining at failure. Twisting of the web was observed and was more 
noticeable in the 200 mm studs. As expected the unlined flanges of the studs were severely 
twisted. The lined flange was observed to deform/buckle between the fasteners. At failure 
there was no crushing or tearing of the plasterboard. Figure 7 shows a typical failure of one 
side lined studs. 
 
When the effect of the plasterboard was ignored for frames with lining on one side as 
recommended by AS 4600, the predicted loads would be the same as those of unlined frames 
with Kx = Ky = Kt = 1.0 (see Table 3) and thus conservative.  When the lateral and rotational 
supports were considered, the same approach taken in predicting the failure loads for frames 
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with lining on both sides was adopted. Since the lining material did not provide any restraints 
in the buckling of the studs out of plane, the effective length factor Kx was maintained at 0.75 
(as in the unlined frames and both sides lined frames). However, the other effective length 
factors Ky and Kt were reduced to 0.1 and 0.2, respectively, in predicting the failure loads.  
Table 6 presents these results. Good correlation of the predicted and experimental loads was 
achieved for the 75mm studs (web b/t < 70). However, the predicted failure loads were 
overestimated for the 200 mm studs. Since the lining was on one side only, the unlined flange 
was prone to twisting, and in the case of the slender 200mm studs the twisting was more 
severe, resulting in premature failures. All the studs failed well below their predicted section 
capacity confirming that the failure was not by yielding but by flexural-torsional buckling. 
From these observations it can be concluded that slender C-sections should not be used in 
frames with plasterboard lining on one side only. For the C sections (web b/t less than 70), the 
AS 4600 predicted failure loads can be improved if the following effective length factors: Kx 
= 0.75, Ky = 0.1 and Kt = 0.2  are used. 
 
Since AISI (1996) does not include any provisions for one side lined walls, the failure loads 
and modes were predicted using  AISI (1986) (see Table 7).  The same procedures in 
checking the studs for frames with both sides lining were adopted for the studs in this group. 
When the effective length factors for Ky and Kt were reduced, the failure loads were 
overestimated.  Therefore the AISI specification cannot accurately predict the failure loads or 
the failure modes of studs lined on one side. This explains why the AISI (1996) does not 
include any design provisions for this case. 
 
4.  STUB COLUMN TEST RESULTS AND DISCUSSION 
 
In all the tests, local buckling of flange elements was observed first. In the case of lined studs, 
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it occurred between the screw fasteners (see Figure 8). Following considerable post-buckling 
behaviour, the collapse of the studs occurred through the development of local plastic 
mechanisms. Table 2 presents the ultimate loads achieved in each test. The use of 
plasterboard lining increased the failure loads in all the tests. However, the increase was not 
significant when the lining was fastened at the commonly used spacing of 260 mm. When the 
lining was fixed at closer centres, such as 130 and 65 mm, noticeable delay in local buckling 
of flange elements was observed, resulting in up to about 25% increase in failure loads. This 
means that the plasterboard lining has to be fastened to the studs at smaller spacing to be able 
to gain any additional strength. Therefore, it can be concluded that any improvement to local 
buckling behaviour can be ignored in the commonly used plasterboard lined wall frames 
unless they are fastened at considerably smaller spacing (<100 mm).   
 
 
 
 
 
5.  CONCLUSIONS  
 
An experimental investigation into the behaviour of the cold-formed steel wall frame systems 
lined with plasterboard under axial compression has been described in this paper. It included 
a series of 20 full scale tests on unlined and lined wall frames and another series of 20 stub 
column tests.  Following conclusions can be made from these tests for the commonly used 
wall frames considered in this study. 
 
• The failure loads of the studs in an unlined wall frame can be approximately predicted by 
the AS 4600 and AISI methods using effective length factors of Kx = Ky = Kt = 0.75. 
• Both the AS 4600 and AISI methods can predict the failure loads of studs lined on both 
sides if the effective length factors Kx, Ky and Kt are taken as 0.75, 0.1 and 0.1, 
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respectively. However, the AISI method is unable to predict the failure mode of some 
studs. Experimental results contradict the shear diaphragm model assumed by the AISI 
method. For wall frames with other plasterboard screw fastener spacings, Ky and Kt can 
be taken as the ratio of fastener spacing to unbraced stud height. 
• The design methods are inadequate in predicting the failure loads of the studs lined on one 
side, in particular studs with slender web. Further investigations using finite element 
analysis and testing are needed to develop improved behavioural models for wall studs 
with one or both sides lining. 
• For the commonly used lined wall frames, any improvement to local buckling behaviour 
can be ignored. But there is significant improvement to the overall buckling behaviour 
and ultimate strength of wall frame studs, and this should be considered in the design. 
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(a)  Layout and Dimensions of Frames 
 
 
 
t = 1.15 and 1.20 mm for G2 and G500 studs 
 
(b) Dimensions of C-section Studs 
 
Figure 1.   Details of Full Scale Wall Frames  
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Figure 2.   Full Scale Wall Frame Tests 
 
 
 
             
 
Figure 3.   Stub Column Tests 
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Figure 4.   Typical Flexural Buckling Failure of Unlined Studs  
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Figure 5.   Typical Stud Failure between the Top Screw Fasteners 
 
 
Figure 6.   Buckling between Screw Fasteners 
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Figure 7.   Typical Flexural-torsional Buckling Failure of One Side Lined Studs 
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Figure 8.   Local Buckling in Stub Column Tests 
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Table 1.  Details of Full Scale Wall Frames 
Frame Stud Steel Frame Stud Steel Stud Lining 
Number (mm) Grade Number (mm) Grade Spacing Condition 
1 75 G2 3 200 G2 600 mm Unlined 
2 75 G500 4 200 G500   
5 75 G2 7 200 G2 600 mm  
6 75 G500 8 200 G500  Lined 
9 75 G2 11 200 G2 300 mm one side 
10 75 G500 12 200 G500   
13 75 G2 15 200 G2 600 mm  
14 75 G500 16 200 G500  Lined 
17 75 G2 19 200 G2 300 mm both sides 
18 75 G500 20 200 G500   
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Table 2.  Stub Column Test Details and Results 
 
Stud size Lining Screw Failure Stud size Lining Screw Failure 
(mm)  Spacing 
(mm) 
Load  
(kN) 
(mm)  Spacing 
(mm) 
Load  
(kN) 
40 x 15 x 1.15 Unlined - 8.8 40 x 40 x 1.15 Unlined - 17.5
 Lined 260 12.7 Lined 260 18.4
 Lined 130 15.4 Lined 130 19.2
 Lined 65 15.9 Lined 65 21.3
40 x 60 x 1.15 Unlined - 19.7 75 x 15 x 1.15 Unlined - 13.9
 Lined 260 21.1 Lined 130 17.8
 Lined 130 20.2 75 x 40 x 1.15 Unlined - 20.8
 Lined 65 24.3 Lined 130 24.2
75 x 60 x 1.15 Unlined - 22.2 75 x 90 x 1.15 Unlined - 25.1
 Lined 130 24.5 Lined 130 24.5
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Table 3.  Ultimate Failure Loads of Unlined Frames 
 
Frame  Expt. Expt.  Section Case 1 Case 2 
Number Stud Failure 
Load  
(kN) 
Failure 
Mode 
Capacity 
(Ns)  
(kN) 
Pred. 
Failure  
Mode 
Expt. / 
Pred. 
Load 
Pred. 
Failure 
Mode 
Expt. / 
Pred. 
Load 
 1 5.6 FB 1.44  0.80
1 2 5.3 FB 20.3 FB 1.36 FB 0.76 
 3 4.3* FTB   -  - 
 1 7.8 FB 1.90  1.05
2 2 7.2 FB 44.6 FB 1.76 FB 0.97 
 3 6.6 FTB   1.61  0.89 
 1 5.3* FTB -  -
3 2 8.3 FB 22.6 FB 1.32 FB 0.86 
 3 10.7 FTB   1.70  1.10 
 1 10.8 FTB 1.59  1.03
4 2 10.8 FTB 47.3 FB 1.59 FB 1.03 
 3 10.4 FTB   1.53  0.99 
 
* Denotes values that were ignored in the subsequent computations and discussions. 
Failure mode:   FB: - denotes flexural buckling;  FTB: - denotes flexural-torsional buckling. 
Case 1:   Kx = Ky = Kt = 1.0      Case 2:   Kx = Ky = Kt = 0.75 
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Table 4.  Ultimate Failure Loads of Both Sides Lined Frames to AS 4600 (SA, 1996) 
 
Frame Expt. Expt. Section Ave. Expt. Case 1 Case 2 
Number Failure Loads 
(kN) 
 Failure 
Mode 
 Capacity 
(Ns) (kN) 
Failure 
Load / Ns 
Ave. Expt. / 
Pred. Load 
Ave. Expt. / 
Pred. Load 
13 21.2, 22.2, 20.6 a 20.3 1.05 3.04 1.16
14 35.3, 35.3, 36.5 a 44.6 0.80 4.84 1.07
15 22.0 a 22.6 0.97 2.27 0.99
16 41.5, 41.5, 42.2 a 47.3 0.88 3.97 0.92
17 19.2, 19.1, 18.6 a 20.3 0.94 2.71 1.03
18 36.2, 36.4, 37.2 a & c 44.6 0.82 4.94 1.09
19 22.1, 22.5, 22.2 a 22.6 0.99 2.30 1.00
20 38.1, 38.2, 38.4 a 47.3 0.81 3.64 0.85
  
Case 1: Kx = Ky = Kt = 0.75;  Case 2: Kx = 0.75,  Ky = Kt = 0.1 
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Table 5.  Ultimate Failure Loads of Both Sides Lined Frames to AISI (1996) 
 
Frame Expt. Expt. Section Ave. Expt. Case 1 Case 2 
Number Failure Loads  
(kN) 
Failure 
Mode 
 Capacity
(Ns) (kN)
Failure 
Load / Ns
 
Pred. 
Failure 
Mode 
Ave. Expt. / 
Pred. Load 
Pred. 
Failure 
Mode 
Ave. Expt. / 
Pred. Load
13 21.2, 22.2, 20.6 a 20.3 1.05 b 1.20 b 1.16
14 35.7, 35.3, 36.5 a 44.6 0.80 c 1.17 b 1.06
15 22.0 a 22.6 0.97 b 1.06 a 1.02
16 41.5, 41.5, 42.2 a 47.3 0.88 c 1.51 a 1.03
17 19.2, 19.1, 18.6 a 20.3 0.94 b 1.04 b 1.03
18 36.2, 36.4, 37.2 a & c 44.6 0.82 c 1.20 b 1.09
19 22.1, 22.5, 22.2 a 22.6 0.99 b 1.08 a 1.04
20 38.1, 38.2, 38.4 a 47.3 0.81 c 1.38 a 0.94
 
Case 1: Kx = Ky = Kt = 0.75,  Kf = 2;  Case 2: Kx = 0.75, Ky = Kt = 0.1, Kf = 2 
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Table 6.  Ultimate Failure Loads of One Side Lined Frames to AS 4600 (SA, 1996) 
Frame Expt. Expt. Section Ave. Expt. Case 1 Case 2 
 Number  Failure Loads 
(kN) 
Failure 
Mode 
Capacity 
(Ns) (kN)
Failure 
Load / Ns 
Ave. Expt. / 
Pred. Load 
Ave. Expt. / 
Pred. Load 
5 17.0, 16.5, 16.7 b 20.3 0.82 2.39 0.94
6 28.4, 28.2, 28.4 b 44.6 0.63 3.82 0.92
7 14.6, 17.1, 13.4 b 22.6 0.66 1.55 0.69
8 18.3, 18.0, 18.3 b 47.3 0.38 1.73 0.44
9 18.3, 18.5, 18.7 b 20.3 0.91 2.64 1.04
10 27.0, 26.2, 26.1 b 44.6 0.60 3.59 0.87
11 15.1, 14.1, 13.9 b 22.6 0.64 1.48 0.66
12 19.0, 19.7, 19.6 b 47.3 0.41 1.85 0.47
 
Case 1: Kx = Ky = Kt = 0.75;     Case 2: Kx = 0.75, Ky = 0.1, Kt = 0.2 
Failure mode (b) denotes flexural-torsional buckling failure with screw pulling through. 
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Table 7.  Ultimate Failure Loads of One Side Lined Frames to AISI (1986) 
Frame Expt. Expt. Section Ave. Expt. Case 1 Case 2 
 Number  Failure Loads 
(kN) 
Failure 
Mode 
 Capacity
(Ns) (kN)
Failure 
Load / Ns 
 
Pred. 
Failure 
Mode 
Ave. Expt./ 
Pred. Load 
Pred. 
Failure 
Mode 
Ave. Expt./ 
Pred. Load 
5 17.0, 16.5, 16.7 b 20.3 0.82 b 2.11 b 0.92
6 28.4, 28.2, 28.4 b 44.6 0.63 b 3.33 b 0.87
7 14.6, 17.1, 13.4 b 22.6 0.66 b 1.39 a 0.70
8 18.3, 18.0, 18.3 b 47.3 0.38 b 1.54 a 0.45
9 18.3, 18.5, 18.7 b 20.3 0.91 b 2.34 b 1.02
10 27.0, 26.2, 26.1 b 44.6 0.60 b 3.13 b 0.81
11 15.1, 14.1, 13.9 b 22.6 0.64 b 1.33 a 0.67
12 19.0, 19.7, 19.6 b 47.3 0.41 b 1.64 a 0.48
    
Case 1: Kx = Ky = Kt = 0.75, Kf = 2;      Case 2: Kx = 0.75, Ky = 0.1, Kt = 0.2, Kf = 2 
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